Continuous pulse oximetry monitoring was used to determine the incidence of hypoxaemia (arterial oxygen saturation.;; 90%) occurring in the first hour of postoperative recovery. Of 107 patients studied, hypoxaemia was recorded in 80%. Twenty-eight (26%) of these patients had saturations below 80%. The average frequency (i.e., the number of desaturations per patient) and the total duration of these desaturations was 7.7 desaturations and 182 seconds respectively. Intermittent measurements taken preoperatively and at 5 and 30 minutes postoperatively revealed hypoxaemia in 2%,4% and 6% ofpatients respectively. In 39 patients who received oxygen therapy throughout the monitoring period, 64% experienced hypoxaemia within the first 15 minutes of recovery as opposed to only 18% in the final 15 minutes monitoring period. Of the factors assessed, only patients with a body mass index> 25 had an increased risk of hypoxaemia (P < 0.01). Four patients required active intervention and ventilatory assistance. We conclude that postoperative hypoxaemia is a particularly common occurrence even in patients otherwise considered healthy. Hence, pulse oximetry should be employed routinely during recovery. Where possible, monitoring should be performed continuously for at least 45 minutes.
recommendations in favour of the routine use of continuous pulse oximetry monitoring during general anaesthesia 18, 19 The place of pulse oximetry in postoperative recovery is not yet established. Nor has the incidence of hypoxaemia been determined using continuous monitoring. Notwithstanding, hypoxaemia has been found to be prevalent both immediately after operation l ,4 and up to several days later. 10, 20 The present study was designed to determine the incidence of hypoxaemia (Sao2';;90%) in the immediate postoperative recovery period using continuous pulse oximetry. Further, an assessment was made as to whether various patient and surgical factors contributed to a greater risk of hypoxaemia. Patients included in the trial encompassed a wide variety of operative procedures and anaesthetic techniques typical of those admitted to a major teaching hospital.
METHODS
A total of 107 patients admitted to our institution for elective surgical procedures were observed in the immediate postoperative recovery pressure in excess of 90 millimetres of mercury period using continuous pulse oximetry. Patients (mmHg) or above were deemed for the purposes of entered into the study were taken at random from this study to be hypertensive. the routine operating room lists over a five-week Other surgical and drug factors which may be period from October to November 1988. Of these responsible for postoperative hypoxaemia were 49 were male and 58 female. similarly recorded. Premedication was classified as A separate group of 24 patients were monitored either papaveretum and hyoscine, pethidine and preoperatively for a period of fifteen minutes promethazine, benzodiazepine, nil or other. All immediately prior to the induction of anaesthesia.
patients received either nitrous oxide/oxygen/ In both groups, a number of patient factors enflurane, nitrous oxide/oxygen/isoflurane or other thought to be associated with an increased agents as inhalational therapy. Occasionally likelihood of postoperative hypoxaemia were patients received either intraoperative or recorded for each patient. These included age, sex, postoperative opioids and these too were noted. So height, weight, blood pressure on admission to too was the duration of the operation. And finally, hospital and alcohol and tobacco intake. Alcohol all procedures were classified as to whether or not and tobacco intake were considered significant if surgery required entry into a body cavity, for the daily consumption exceeded twenty or more example laparotomy or thoracotomy. grams of alcohol or ten or more cigarettes
In the postoperative group monitoring was respectively. Body mass index (BMI) was performed continuously for a period of60 minutes calculated for each patient according to the formula commencing upon arrival in the recovery room. of weight (kg) divided by height 2 (m 2 ). Obesity Customary recovery room practice was not varied could be defined as a BMI greater than 25. Patients by the trial protocol. Hence, all patients received who presented on admission with a diastolic blood oxygen upon arrival in the recovery room and were taken off oxygen as deemed appropriate by anaesthetic and recovery room staff. The duration of administration of oxygen delivered following anaesthesia was recorded to take into account any differences between patients in the incidence of hypoxaemia that may have occurred due to differences in oxygen therapy. This trial was designed with neither the medical nor recovery room staff aware of the oxygen saturation reading. The pulse oximeter digital displays were covered and remained so throughout the trial, such that recovery room staff were unable to rely on saturation values when making decisions on oxygen therapy. However, to ensure adequate patient safety, the pulse oximeter alarms were set at a Sao2level of 80% and pulse of 40 beats per minute so as to warn staff of the occurrence of serious hypoxaemia. Two In Vivo model 4500 (In Vivo Research Inc. Oklahoma) pulse oximeters were used in this study. Each patient was monitored using one of these. This model has been previously demonstrated to have acceptable performance characteristics to warrant its use in the present study. 17 Of particular advantage, this device has an inbuilt analogue printer which allows a continous trend display of Sao2 to be recorded on strip chart throughout the monitoring period. Further, the pulse oximeter printout indicates whenever the pulse amplitude is so low as to make artefact likely. In this way periods of low pulse amplitude artefact which occurred infrequently during the study were rejected upon analysis of the Sao2 printout. Similarly, periods when the pulse oximeter probe became detached from the patient were obvious from the printout and were likewise rejected. Figure 1 illustrates typical periods of desaturation and artefact observed in the present study.
The pulse oximeter printout was examined to determine the number of patients in whom Sao2 fell below the arbitrarily selected levels of95, 90, 85 or 80% saturation. However, for the statistical analysis reported in Tables 3 and 4 hypoxaemia was deemed to have occurred if Sao2 fell below 90%. This corresponds to an arterial oxygen tension (Pa02) of 58 mmHg assuming standard acid-base conditions. A saturation of 80% corresponds to a P a o 2 of 42 mmHg. In addition to the incidence of hypoxaemia, the frequency i.e., number of occasions and the accumulated period of desaturation was calculated for each patient. The mean values of these data are shown in Tables 3  and 4 .
Where appropriate, the results were statistically analysed using either the Wilcoxon Rank Sum or Kruskal-Wallis Tests to determine whether or not any of the patient or surgical factors studied had a Anaesthesia and Intensive Care. Vo/. 18. No. 4. November. 1990 significant effect on either the frequency or duration of frequency or duration of hypoxaemia. The proportions of incidence occurring for each potential risk factor was assessed using the Chisquare test. Statistical significance was considered to have occurred at a P value of < 0.05.
RESULTS
A total of 107 and 24 patients were studied in the post-and preoperative groups respectively (Table  1 ). The postoperative group included 49 males and 58 females. Their mean age was 53 years (range 11-91, SO 20.1). Thirty-six patients were obese, 24 had significant alcohol intake, 25 had significant tobacco intake and 23 were hypertensive. Within this group oxygen saturation fell below 90% in 86 patients (80%) within the first hour following anaesthesia (Table 1) . Of these patients twentyeight (26%) further recorded saturations below 80% ( Table 2 ). The average duration of operation for this group was 97 minutes (range 20-345, SO 65.7) and mean time on oxygen therapy in recovery was 38 minutes (range 0-60, SO 19.9).
The preoperative group included fourteen males and ten females with a mean age of 53 years (SO 25). Of this group, seven were obese, eight had significant alcohol intake, three had significant tobacco intake and six were hypertensive on admission. Upon Chi-square analysis no significant difference was found between these two groups for the various patient factors recorded. However, the incidence of hypoxaemia was more prevalent in the postoperative group (P < 0.001).
Only five patients (21 %) in the preoperative group experienced episodes of hypoxaemia (Table 1 ).
In the postoperative group, hypoxaemia following anaesthesia was a common occurrence. At some stage during the first sixty minutes 80% of patients showed saturations below 90% (Table 2) and one in four patients (25%) reached severely hypoxaemic levels, as defined by saturations lower than 80%. The average frequency and total duration of desaturation for this group at Sao2 ,,;; 90% was 7.7 ± 15.5 desaturations and 182 ± 493 Note: preoperative group was studied for fifteen minutes and the postoperative group for sixty minutes. Hypoxaemia was deemed to occur at Sa02 '" 90%. seconds respectively. The standard deviations are reported here to alert the reader to the large degree of variation within the group studied. These figures are further complicated by the variable period of time in which patients received oxygen therapy. For instance in 23 patients who only received continuous oxygen therapy for the first fifteen minutes of recovery, hypoxaemia (Sao2 .;;; 90%) occurred in only eight while in the ensuing 45-minute monitoring period while off oxygen, hypoxaemia was recorded in 21 of these patients.
Further, the overall incidence of less severe hypoxaemia was greater in patients who received continous oxygen therapy for less than thirty minutes as opposed to those in whom oxygen was administered for longer periods (Table 2, columns 2 and 3). However, the incidence of severe hypoxaemia was greatest in patients receiving oxygen for more than thirty minutes.
The relationship of de saturation to oxygen therapy becomes clearer when examining hypoxaemia in 39 patients treated with oxygen for the entire sixty-minute monitoring period (Table  3 ). Despite this group containing more seriously ill patients, only 64% experienced hypoxaemia as opposed to 80% for the whole 107 patients studied.
In patients treated with oxygen throughout the monitoring period, hypoxaemic events become fewer or shorter as recovery time was increased. For instance, the incidence of hypoxaemia fell from 64% in the first fifteen minutes of recovery to 18% in the last fifteen minutes of the recovery monitoring period. Similarly the mean frequency of hypoxaemic events in each patient fell from 2.7 to 0.7 for this same period. The mean total duration of each hypoxaemic episode likewise fell from sixty seconds to nine seconds. Oxygen saturation readings were noted at a few single time intervals and the incidence of desaturation calculated, in order to make direct comparisons with previously published reports 9 • 10 which have relied on itermittent pulse oximetry. Measurements were made immediately preoperatively and at five and thirty minutes after initiation of postoperative monitoring. The incidence of desaturation (Sao2 .;;; 90%) for these times was 2%, 4% and 6% respectively.
The relationship between the incidence, frequency and duration of hypoxaemia with various patient and surgical factors recorded is shown in Table 4 . With respect to the frequency of hypoxaemia there were no significant differences for any of the patient variables measured with the exception of obesity. Patients who had a BMI > 25 were more susceptible to hypoxaemia than those patients whose body habitus was considered to be normal (p= 0.01). Eighty-six per cent of obese Values are mean (SD). Data analysed by two factor analysis of variance. Both mean frequency and duration of hypoxaemia have been calculated including patients whose Sao2 did not fall below 90%. patients compared with 78% of normal patients became hypoxaemic. Further, the mean total duration of hypoxaemia in obese patients was significantly greater than in normal body habitus patients (P = 0.02). It should also be noted that the Anaesthesia and Intensive Care, Vol. 18, No. 4, November, 1990 effect of gender on frequency of hypoxaemia as well as smoking intake and intraoperative opioids on duration of hypoxaemia approached significance. Patients who either were male, smoked more than ten cigarettes per day or received intraoperative opioids were more susceptible to hypoxaemia. Of the 107 patients studied, four patients became hypoxaemic to the point where active intervention by an anaesthetist was required. These are described briefly.
Case 1
A 62-year-old man with a history of chronic airway limitation and alcohol induced cardiomyopathy who underwent extraction of three molars. He was found to be cyanosed and obtunded soon after admisison to recovery. The pulse oximeter confirmed hypoxaemia. He was subsequently ventilated by bag and mask for five minutes and administered nebulised salbutamol.
Case 2
A healthy 27-year-old man was apnoeic on admission to recovery following an inguinal hernia repair. The pulse oximeter alarm notified staff of the fact that Sao2 was not recovering with the administration of oxygen. This patient too was ventilated by bag and mask for five minutes. The anaesthetist presiding attributed this episode to laryngospasm.
Case 3
A mildly obese (BMI = 28.5) 50-year-old woman underwent colostomy closure. The low saturation alarm sounded one minute after oxygen therapy was initiated. The patient was ventilated by bag and mask for ten minutes. Naloxone was administered with gradual recovery.
Case 4
A 40-year-old man was recovering from a renal neurectomy operation of 285 minutes duration. Fifty-five minutes after operation the low saturation alarm sounded. The pulse oximeter printout showed a gradually declining Sao2 from thirty to sixty minutes after operation. The patient was transferred to the surgical ward on oxygen. At three hours after operation he had a respiratory arrest. He required reintubation and mecharrical ventilation for three hours recovering gradually and completely over the next 24 hours.
DISCUSSION
The present study addressed the incidence of hypoxaemia that can be expected to occur within sixty minutes following operation in patients admitted to a general operating suite. Further, it sought to establish what factors might be responsible for this hypoxaemia and whether pulse oximetry monitoring in the early recovery period was warranted.
The results clearly indicate that arterial de saturation at least to oxygen saturation levels less than 90% is exceedingly common after anaesthesia.
Saturations below this level no matter how prevalent or sustained have been previously considered hypoxaemic. 4 ,1Q This finding then lends support to the surprisingly high incidence of hypoxaemia reported in healthy patients within the first few minutes following operation during transfer to recovery.
Using continuous pulse oximetry, Tyler et al. 4 found that 35% of healthy patients, spontaneously breathing oxygen before transfer, had an Sao2 below 90% and 12% of patients experienced Sao2 below 85% (Pa02 = 50 mmHg) during this brief period. Our data further suggest that the risk of hypoxaemia still persists within one hour of operation even in healthy patients. Hence, patients who are thought sufficiently recovered to breathe room air, and as a result withdrawn from oxygen therapy early in recovery, are still prone to experiencing subsequent hypoxaemic episodes.
In addition, patients who continue to receive oxygen therapy for at least one hour postoperatively still remain at significant risk of becoming hypoxaemic. However, this risk diminishes with increasing time on oxygen.
Our findings support the proposition 9 that hypoxaemia is more prevalent after operation than before surgery and anaesthesia. Preoperative hypoxaemia is relatively uncommon with only 2% of patients experiencing hypoxaemia at any single time while 21 % of patients become hypoxaemic at some stage when continuously monitored preoperatively for fifteen minutes.
The extremely high incidence of postoperative hypoxaemia observed in this study is disturbing and warrants careful consideration. Further, it questions the adequacy of current recovery room practice. Such a high figure brings into question possible sources of error. Among these are limitations in the accuracy of the pulse oximeter. Several factors are known to be responsible for poor signal quality which are sufficient to lead to erroneous measurement of oxygen saturation. 15, 16, 21 These include hypotension, vasoconstriction, volume depletion, non-pulsatile flow, hypothermia, venous congestion, compression of arm or finger and gross anaemia. Many of these factors can occur in patients following operation. In addition, artefact brought about by patient movement or shivering, poor sensor placement, fingernail covering can all distort the pulse signal. Since the majority of these factors result in signal loss, and hence reporting of lower than normal oxygen saturations, the true incidence of hypoxaemia in this study may be overstated.
However, in the present study particular care was taken to ensure that the pulse sensor was correctly positioned on the finger and that the arm and finger were free from restraint. The probe was always positioned on the arm opposite to the blood pressure cuff. Further, the In Vivo monitor selected for this study provided particular safeguards against false readings. Any periods of desaturation while artefact was being reported or while the finger probe has fallen off were rejected.
Nevertheless, there are certain sources of error to which all pulse oximeters are prone. 21 Bright sunlight may cause a pulse oximeter to overread markedly and patients who smoke can have as much as 10% carboxyhaemoglobin in their bloodstream at the end of the day. The latter is significant in that these patients may be unable to record saturations above 85%. In this study pulse oximeters were never exposed to bright sunlight and all elective surgical patients admitted to our institution are encouraged to stop smoking several days prior to admission. It is however possible that some false readings have been inadvertently reported in the present study, from unknown sources. Nevertheless, we consider that they alone would not account for the high incidence noted.
An alternative explanation for these figures is that the cohort group studied is not representative of the surgical population at large but includes an unusually high number of patients particularly prone to the development of postoperative hypoxaemia. This may be the case since in the months leading up to and following this study, increasing pressures on bed availability and limited surgical resources have resulted in more urgent and complicated cases. If this is so, then it suggests that the results from the present study should be interpreted with caution. Further it appears there is a need to repeat this study under more controlled conditions of postoperative oxygen therapy, perhaps in another institution with similar patients.
Arterial hypoxaemia can be accurately determined from arterial blood gas analysis. However, in the majority of cases this invasive approach is neither practical nor warranted. Traditionally, clinical signs such as cyanosis have been relied upon but these have proved insufficient. 22 As a result, postoperative monitoring of oxygen is often inadequate. 9 Further, the present results suggest that anaesthetists generally are unaware ofthe extent of postoperative hypoxaemia. This still seems to be true and more study is required to elicit its causes. Pulse oximetry may provide some ofthe answers as it is considered to be accurate and reliable. 21 ,23 Also it is simple to use, noninvasive, instantaneous and relatively inexpensive.
Our results indicate that postoperative Anaesthesia and Intensive Care, Vo/. 18. No. 4, November, 1990 hypoxaemia is more prevalent than most clinicians might believe. However, we think that the seemingly high frequency of hypoxaemia is attributable to the continuous mode of monitoring employed in the present study. In support of this claim, others have estimated the incidence of hypoxaemia to be somewhere betwen 5% and 30%.9,10 By contrast, we found the incidence of hypoxaemia following spot readings taken at a single time to be between 4% and 6%. These are equivalent to those reported by Morris et al. lo for the same times, In this study we found it difficult to pinpoint any predictable factors by which risk could be identified. Obesity was the only significant risk factor which could be established. However, the non-obese were certainly not immune to hypoxaemia. Indeed three of the four cases of serious hypoxaemic episodes involved non-obese patients. It may be that some of the factors studied are important but the numbers of patients studied were insufficient to show significance.
Most patients recorded a few short and presumably unimportant desaturation episodes. A small minority recorded many prolonged periods of hypoxaemia where routine monitoring might prove valuable. Pulse oximetry monitoring showed its potential worth in the four cases of serious hypoxaemia which occurred in this series. The pulse oximeter provided first warning of danger in three of these. Further it was useful as a monitor during the ensuing resuscitation of these cases.
While pulse oximetry has been advocated during anaesthesia and surgeryl8 this study demonstrates that it should also be available during recovery. Monitoring should be undertaken routinely on all patients and where possible continuously for at least 45 minutes.
